We report on a new photocathode laser with 6 GHz repetition rate, utilizing an electrooptic modulator comb. The laser is amplified by a Yb:fiber amplifier to 10 W and will be converted to DUV for photoelectron generation.
Introduction
High repetition rate lasers with femtosecond or picosecond pulse duration are required for a variety of applications. Within our facility we operate a Relativistic Electron Gun for Atom Exploration (REGAE), for ultrafast electron diffraction experiments. We plan to extend REGAE to a relativistic electron microscope, but simulations show that the spatial resolution will be limited due to the space charge effects. A possible solution is to exchange the currently used single 100 fC electron bunch (12.5 Hz bunch repetition frequency) with multiple electron-bunches (0.33 fC per bunch). Each of them should fill an acceleration "bucket" of the 3 GHz radio frequency (RF) accelerating field, generating 1 s long bursts with a maximum number of 3000 bunches. Those bursts then repeat at 12.5 Hz [1] . This solution requires a 257 nm, 1-2 ps and 3.3 fJ photocathode drive laser working at a repetition frequency of 3 GHz, which can be phase-locked to the accelerators RF master oscillator.
In this contribution we present a fiber-laser front-end for the required photocathode drive laser. Although, cutting-edge mode-locked oscillator technology with solid-state or optical fiber gain materials can reach 3 GHz repetition rate [2, 3] , we choose a so-called "EO-comb" scheme using electro-optical (EO) modulator technology. In [4] it was demonstrated that oscillators based on this principle can reach sub-picosecond pulses with intrinsic synchronization to the accelerating RF field. 
Experimental Setup and results
The system includes a picosecond pulse generator, a Yb-fiber amplifier chain and a dispersion-compensating device. We are currently working on the burst-generation and frequency conversion stages, which are required for the generation of specific bunch patterns at a suitable wavelength for photoelectron generation. The pulse generator is shown in Fig.1.(b) . We use a commercially available single frequency laser (Kohearas Y10 from NKT photonics) as the seed source. The laser provides 10 mW output power at 1030 nm at a linewidth of less than 50 kHz. After amplification in a single-mode fiber amplifier, three cascaded low V-pi phase modulators, working at frequencies up to 20 GHz, are used for frequency sidebands generation. One intensity modulator cuts the laser with correct phase to create a pulse train from the continuous signal output. A tunable, bench-top RF signal source is used to drive all three electro-optical modulators with a power of 35 dBm each. Later the RF will be derived from the accelerator's master oscillator, which intrinsically synchronizes the sidebands to the accelerating field. A repetition frequency of laser of 6 GHz, the 2nd harmonic of the 3 GHz master oscillator frequency, was chosen to achieve sufficient spectral bandwidth to support picosecond pulses. Further repetition rate reduction will be done with an optical gate. The generated pulse train is sent into a wave shaper (FINISAR W1000A) for dispersion compensation. The compressed pulse duration is 1.75 ps. A simulated and measured pulse spectrum and pulse duration is given in Fig.2 . The pulse train from the EO-comb is amplified by a polarization maintaining (pm) core-pumped single-mode Yb-doped fiber amplifiers (YDFA) (gain fiber: CorActive PM401). Up to 300 mW were obtained from the amplifier with 600 mW, 976 nm pump power, corresponding to a slope efficiency of 67 %. This amplifier is followed by a cladding pumped pm-YDFA, consisting of 2 m gain fiber (LIEKKI YB1200-10/125DC-PM). A output power of 10 W was achieved with a pump power of 20 W (58 % slope efficiency) and 1.8 ps pulse duration (Fig 3) . To generate photoelectrons the 3 GHz pulse train has to be frequency converted to the DUV. Our simulations, performed with SNLO and Chi23d [5] , predict that a Lithium triborate crystal with non-critical phase matching at 188 ºC and 5mm length produces pulse energies of 140 pJ in the second harmonic from a 2 nJ, 1.8 ps NIR input pulse. This crystal is followed by a critically phase matched Caesium lithium borate (CLBO) crystal with 5 mm length at =66.2º and 150 ºC. Here an output of 353 fJ energy per pulse in DUV was calculated. Even with losses for the beam transport included, this pulse energy will fulfill the requirements for our application.
Conclusion

